athletic involvement all affecting the incidence rate of ankle sprain determined using the National Electronic Injury Surveillance System (NEISS) database. 24 While the identification of demographic risk factors may help implement preventive measures, no study has characterized the common complications or treatments associated with acute ankle sprains presenting to emergency departments in the United States.
Though often untreated, research demonstrates that LAS can result in considerable time lost to injury, as approximately 25% of those who sprain their ankles are unable to attend school or work for at least 1 week. 3 Unfortunately, cost estimates for the treatment of LAS in the United States are severely outdated, 16 and no cost estimates exist for medial and high ankle sprains. Therefore, the purpose of this study was to generate national incidence and cost estimates for lateral, medial, and high ankle sprains as well as determine whether complications and procedures undertaken differ among ankle sprain types.
Methods
The 2010 Nationwide Emergency Department Sample (NEDS) 11 was used to assess cross-sectional data on acute ankle sprain visits. NEDS is a nationwide data set developed as a part of the Healthcare Cost and Utilization Project (HCUP), a federal-stateindustry partnership sponsored by the Agency for Healthcare Research and Quality (AHRQ). 11 NEDS is a 20% stratified sample of 950 emergency departments spread across 30 states within the United States. Only those cases with a primary diagnosis (first diagnosis listed) of ankle sprain were included in this investigation, regardless of concomitant injury.
Patient age was classified into categories ranging from pediatric (≤13 years) to geriatric admissions (≥65 years). Mean emergency department charges were calculated based on the charge data provided for each visit including necessary inpatient expenses. Incidence estimates were calculated using the discharge weight included in the NEDS data set for each type of ankle sprain and then stratified by age and sex. 24 Descriptive statistics (ie, counts, frequencies, averages) were calculated to assess population and cohort characteristics. The most common complications were identified using ICD-9-CM (International Classification of Diseases, Ninth Revision, Clinical Modification) codes by consolidating secondary diagnoses (see Appendix 1, available at http://sph.sagepub.com/content/by/supplemental-data). The Clinical Classifications Software (CCS) for services and procedures was applied to the ankle sprain diagnosis codes (ICD-9-CM codes) to group the most common procedures into meaningful categories (Appendix 1). Hospitalizations were determined by merging the supplemental inpatient file provided in the NEDS.
To obtain homogenous groups and to reduce bias, a propensity score analysis between lateral and medial as well as lateral and high ankle sprains was performed. Propensity scores were calculated using a logistic regression model. Four covariates including age, sex, median household income, and primary payer were used to generate propensity scores. These outcomes were used because of descriptive differences among ankle sprain types. After estimating the propensity score, groups were matched using a 1:1 nearest neighbor (greedy-type) matching algorithm. 13 Matching was performed without replacement, and unpaired ankle sprains were excluded ( Figure  1 ). Propensity score-matched analyses did not include the discharge weights, as sample restriction negates the validity of the weights.
Characteristics of demographics and outcomes were compared between propensity score-matched groups using frequencies and chi-square tests. The Wilcoxon-Mann-Whitney test compared total charges between propensity score-matched groups. Statistical significance was established at P ≤ 0.05 using SAS 9.4 software (SAS Institute Inc).
Results
There were 225,114 ankle sprains identified, with LAS being the most common (Table 1) . This equates to an overall estimated incidence rate of 3.29 ankle sprains per 1000 person-years. Estimated incidence rates of 3.02, 0.0086, 0.0062, and 2.55 per 1000 person-years were identified for lateral, medial, high, and unknown ankle sprains, respectively. The majority of patients in lateral, medial, and unknown ankle sprain groups were female.
Using the sample weights provided by the NEDS, we estimated the nationwide incidence of ankle sprains to be 1,016,282 cases in 2010 ( Table 2 ). The median emergency department charges per event for all types of ankle sprains were $1029 (interquartile range [IQR], $723-$1457). However, charge information is missing for approximately 17% of ankle sprain observations. Missing charge data for emergency department visits and hospitalizations were excluded. Prior to matching, there were significant differences between lateral and medial ankle sprain groups ( Table 3 in Appendix 2, http://sph.sagepub.com/content/by/supplemental-data). Specifically, patients with lateral sprains were older (P < 0.01), more likely to be female (P = 0.01), and less likely to use private insurance as their primary payer (P < 0.01). Following 1:1 matching, all covariates were statistically indistinguishable (P > 0.05), achieving balance among 574 lateral and medial ankle sprains.
Prior to matching, patients with lateral sprains relative to high ankle sprains were older (P = 0.01), more likely to be female (P = 0.003), and more likely to be in the first quartile of median household income than patients with high ankle sprains (P = 0.01) ( Table 4 in Appendix 2). Propensity score 1:1 matching resulted in 396 lateral and high ankle sprain patients with statistically indistinguishable (P > 0.05) covariates between groups, achieving balance.
LAS incurred greater charges than medial ankle sprains despite a greater number of hospitalizations in the medial group (P < 0.01) ( Table 5 in Appendix 2). There were 4 (0.69%) hospitalizations for medial sprains compared with none for lateral sprains (P = 0.04). Among the most common complications associated with lateral and medial sprains, pain in the limb (P = 0.03), sprain of the foot (P < 0.01), and abrasion of hip and leg (P = 0.03) were significantly more common in the lateral group (Tables 1 and 2 and Tables 3-5 in Appendix 2). Among the most common procedures, patients with medial ankle sprain were more likely to use other diagnostic radiology and related techniques (P < 0.01) and less likely to use medications than patients with lateral (P < 0.01) ankle sprains.
Following 1:1 matching, the lateral and high groups had similar total charges for an emergency department event (P = 0.97). In-patient admission was significantly greater for high ankle sprains compared with LAS (P < 0.01). Among the most common complications, patients with LAS were more likely to have pain in the joint, ankle, and foot (P < 0.01) and lower leg injury (P = 0.03) than patients with high ankle sprain. Among the most common procedures, high ankle sprain patients were more likely to use traction, splints, and other wound care than those with LAS (P = 0.09).
discussion
The current estimated incidence for lateral ankle sprains is consistent with-albeit higher than-that reported by Waterman et al 24 (2.15) for the general US population but significantly lower than those reported in the general population of Europe (6.96 and 5.27). 4, 9 Vosseller et al 22 reported 1821 high ankle sprains from the State Inpatient Database and State Emergency Department Databases of 8 states (2.09 per 100,000 personyears) in 2009. The observed 1821 high ankle sprains is significantly higher than the current weighted national estimate.
Like previous investigations, the current data indicate that the peak incidence of ankle sprains generally occurs in the second to third decade of life. For example, Vosseller et al 22 reported the peak incidence of high ankle sprains occurred between 18 and 34 years of age. However, the authors reported the lowest incidence between 0 and 17 years of age. This is contrary to the current data from the 0-to 17-year-old age group, which had the second largest incidence of high ankle sprains. The current investigation also revealed that female patients sustained more lateral ankle sprains than male patients. This is consistent with previous work 2,10 but contrasts with the work of Waterman et al. 24 The current high ankle sprain results (no sex differences) are also contrary to those of Vosseller et al, 22 who reported that men had an increased incidence rate.
Broadly, the most common procedures align with the general standard of care associated with ankle sprains. Differences in procedure rates among the different types of ankle sprains may be due to standard of care differences among emergency departments. For example, the higher percentage of diagnostic radiography used for medial relative to lateral ankle sprains may be due to concerns about fractures through open growth plates, as a higher percentage of medial relative to lateral ankle sprain events were in patients 17 years old or younger. Previous research has estimated that 80% to 98% of patients reporting to emergency departments for ankle sprains undergo radiography, which is consistent with the current observation. However, fewer than 15% of patients receiving radiography have a fracture. 18 The Ottawa Ankle Rules 17 have a pooled sensitivity of 97.6% (95% CI, 96.6%-98.9%) 2 with a pooled negative likelihood ratio of 0.08 for the ankle. 1 In short, the Ottawa Ankle Rules could significantly reduce emergency department costs associated with lateral ankle sprains. Significant variability was noted in charge data, particularly in the medial and high ankle sprain groups. This is most likely due to the hospitalization costs associated with a select number of individuals in those Age, y groups. The required use or lack of use of the Ottawa Ankle Rules is just one example of how protocol differences could also increase variability in charge data. An important limitation of our study is the lack of a gold standard for diagnosis of lateral ankle sprains. Multiple grading scales make comparison of diagnostic evidence and intervention effectiveness difficult. 23, 24 The NEDS database is also not without limitations. First, the incidence rates are based on attendance and therefore may be underestimated because a high percentage of individuals do not seek medical treatment for ankle sprains 12 or may seek care from another health care provider. Similarly, the data are reported as emergency department events and not individuals; therefore, individuals may have reported multiple ankle sprains. Second, the NEDS database does not provide the mechanism of injury or a racial category. Waterman et al 24 previously demonstrated that race may influence lateral ankle sprain incidence. Finally, NEDS only provides charges associated with the observed condition and not the actual health care costs. Therefore, the charges reported in this investigation should be used as an estimate only.
conclusion Lateral ankle sprains represent the vast majority of ankle sprain events and associated health care charges. There is a higher incidence of ankle sprains among younger populations (≤25 years) and in female patients. Complications and procedures differ among ankle sprain types. Lateral ankle sprains have greater health care charges relative to medial ankle sprains and comparable emergency department event charges as high ankle sprains.
